Introduction {#s1}
============

Falls are a common, serious and costly problem. Single and multi-factorial interventions can reduce the rate of falls by around 25% in high risk populations \[[@AFQ096C1]--[@AFQ096C3]\]. In the UK, most falls prevention programmes are delivered in day or community hospitals \[[@AFQ096C4]\], and referral to such programmes is usually opportunistic rather than through a systematic screening process. The aim of this trial was to evaluate the clinical effectiveness of a process of systematically screening community-dwelling older people, identifying those at high risk of falls and intervening with a day hospital-based falls prevention programme.

Methods {#s2}
=======

We used a multi-centre randomised controlled trial to test the hypothesis that a day hospital-based falls prevention programme would reduce the rate of falls over 12 months in community-dwelling older people, identified through a screening programme as being at high risk of falls.

Participants {#s2a}
------------

Older people (aged 70+) were identified from eight general practices, reflecting both rural and urban settings in the East Midlands, UK. The practices sent a written invitation and falls risk screening questionnaire to people aged 70+. The questionnaire was a self-completed, modified version of the Falls Risk Assessment Tool \[[@AFQ096C5], [@AFQ096C6]\]. This consisted of eight self-reported items---one or more falls in the previous year, taking more than four prescribed medications, previous stroke, Parkinson\'s disease, inability to stand from a chair without using arms to push up, symptoms of dizziness on standing, use of a mobility aid and being house-bound. A previous fall or two or more of the other falls risk factors were used to identify those at high risk of a future fall, and so eligible for inclusion in this trial. Potential participants were excluded by their general practitioner if theylived in a care homewere in receipt of end of life careor by researchers  if theywere already attending a falls prevention programmewere unwilling or unable to attend a falls prevention programmewere unable to provide informed consent or assenthad interventions

Eligible participants in both arms received a falls prevention information leaflet ('Avoiding slips, trips and broken hips' \[[@AFQ096C7]\]). No further intervention was offered to participants in the control arm, who had access to all usual services, including referral to a community or hospital-based falls prevention programme if indicated.

Participants in the intervention arm were invited to attend a falls prevention programme based in a geriatric day hospital closest to their home. The falls prevention programme consisted of a medical review, physiotherapy and occupational therapy treatments. The falls prevention programme was that used in routine local clinical practice and no additional resources or interventions beyond routine clinical practice were employed in the intervention arm. In all three settings, the medical assessment was carried out by, or under the direction of, a consultant geriatrician. It included a clinical history, physical examination including an orthostatic blood pressure measurement, laboratory tests where indicated, 12-lead ECG and where appropriate a neurovascular assessment. Medical interventions varied according to medical diagnoses made and could include a medication review, bone health assessment, referral to an optician or ophthalmologist or to other specialists. The physiotherapy assessment included assessment of gait, balance, mobility and muscle strength, and the intervention included provision of strength and balance training, tailored to individuals' needs. The occupational therapy assessment included an interview to investigate home hazards and, when required, a home assessment was also performed. Occupational therapy interventions could include the provision of assistive technology and home adaptations. Finally, participants received a nursing review and an educational programme focusing on healthy ageing.

Compliance with the intervention was assessed using logs completed by health-care professionals working in the falls prevention programme who recorded the nature of interventions and the amount of time spent with each participant, as well as the number of attendances.

Outcomes {#s2b}
--------

The primary outcome was the rate of falls over 12 months, ascertained using prospective, participant-completed monthly falls diaries, mailed to the research team at the end of every month. The definition of a fall was 'unintentionally coming to rest on the ground, floor or other lower level; excluding coming to rest against furniture, wall, or other structure' \[[@AFQ096C8]\].

Secondary outcomes included mortality and institutionalisation (ascertained from primary care records), the proportion of people reporting single or recurrent falls, self-reported injurious falls and time to first fall within 12 months. Additional secondary outcomes were fear of falling (Falls Efficacy Scale \[[@AFQ096C9]\]) and disability (Barthel \[[@AFQ096C10]\] and Nottingham Extended Activities of Daily Living \[[@AFQ096C11]\] scales) which were collected using a questionnaire sent to participants at 12 months post-randomisation.

Sample size {#s2c}
-----------

The sample size estimate was based on an expected rate of two falls per person per year \[[@AFQ096C12]\] in the control arm and a clinically important rate reduction of 25% to 1.5 falls per year, with a two-sided 5% significance level and power of 80%. Using an over-dispersion parameter of 1.5, 160 participants were needed in each arm, giving a trial size of 320. Allowing for an attrition rate of 20%, it was planned to recruit a total of 400 participants.

Randomisation {#s2d}
-------------

After obtaining written informed consent and collecting baseline data, participants were allocated into the intervention or control arm by research assistants using an internet-based randomisation service provided by the Nottingham Clinical Trials Unit. The randomisation list was computer generated using a random block size to maximise allocation concealment and was stratified by centre (Nottingham and Derby).

Blinding {#s2e}
--------

Owing to the nature of the intervention, it was not possible to blind participants or researchers to allocation, but all analyses were performed blind to allocation.

Statistical analysis {#s2f}
--------------------

Data analysis was carried out according to a pre-specified plan using the intention-to-treat principle. Participants were analysed in the arm they were allocated to regardless of the intervention they actually received. The primary outcome (rate of falls) was compared between arms using negative binomial regression. Patients were included, assuming each completed diary covered 30 days, until they died, were admitted to a care home, withdrew from the trial or reached the end of the 12 months follow-up. The main analysis was adjusted for stratum (trial centre) and also for baseline characteristics considered to be strong prognostic factors for falls (age, sex and the screening items) \[[@AFQ096C13]--[@AFQ096C15]\]. Pre-specified subgroup analyses were carried out by age (70--85, 85+) and falls history in the year prior to randomisation (fall/no fall) using tests for interaction.

Time to first fall was analysed with a Cox proportional hazards model, and logistic regression was used to analyse mortality and institutionalisation within 12 months and the proportions of people reporting single or recurrent falls and injurious falls. The Barthel ADL, NEADL scale, fear of falling scale was compared between treatment arms using linear regression or logistic regression categorising the outcome at the median if the assumptions of linear regression were not met and adjusting for stratum and baseline characteristics. For the Falls Efficacy Scale, Barthel and NEADL scales, an additional sensitivity analysis was undertaken to explore the effect of missing data. We used multiple imputation to impute missing values for these outcomes, including all baseline variables, and imputed 10 data sets. We then combined the results using Rubin\'s rules \[[@AFQ096C16]\]. Models were checked by examining residual plots.

Results {#s3}
=======

The trial started in February 2005 and the last follow-up was completed in March 2008. Of the 6133 individuals aged 70+, 844 were excluded by their GP prior to invitation to the trial; 2846/5289 (54%) responded to the postal invitation, 1481/2846 (52%) of whom were at high risk of falls; 364/1481 (25%) agreed to participate in the trial; 181 were randomised into the control arm and 183 into the intervention arm (Figure [1](#AFQ096F1){ref-type="fig"}). Figure 1.Flow of participants through the trial. FPP, falls prevention programme.

The baseline characteristics of the participants are shown in Table [1](#AFQ096TB1){ref-type="table"}. There was evidence of some imbalance between treatment arms with intervention arm participants having a higher percentage of seven of the eight risk factors for falls than control arm participants. Table 1.Baseline characteristics of participantsCharacteristicControl, *n* = 181Intervention, *n* = 183Centre/stratumNottingham120 (66%)121 (66%)Derby61 (34%)62 (34%)Age (years)Mean (SD)78.4 (5.6)79.1 (5.7)Median (IQR)77.6 (73.5--82.9)78.3 (75.0--82.9)Range70--9270--101FemaleFrequency (%)112 (62%)106 (58%)At least one fall in previous 12 monthsFrequency (%)102 (56%)108 (59%)Taking more than four medicationsFrequency (%)89 (49%)103 (56%)History of strokeFrequency (%)20 (11%)33 (18%)Parkinson\'s diseaseFrequency (%)2 (1%)4 (2%)Inability to stand from a chair without using arms to push upFrequency (%)115 (64%)125 (68%)Symptoms of dizziness on standingFrequency (%)115 (64%)103 (56%)Use of a mobility aidFrequency (%)86 (48%)96 (52%)Housebound/not housebound (mobility impairment)Frequency (%)39 (22%)44 (24%)

Only 72% (131/183) of the intervention arm participants received the falls prevention programme, with only 68 (37%) attending six or more falls prevention programme sessions. Attendees received a median 60 (IQR 45--90) min of occupational therapy and 210 (IQR 60--362.5)-min physiotherapy in addition to a medical and nursing review.

One hundred and seventy-two participants in each arm completed at least one fall diary and so were eligible for the analysis of the primary outcome. There were 417 falls in 156.7 person-years (2.7 falls per person-year) in the control arm compared with 260 falls in 151.2 person-years (1.7 falls per person-year) in the intervention arm. The incidence rate ratio (IRR) adjusted for stratum was 0.64 (95% CI 0.43--0.95), *P* = 0.03. Model checking identified an extreme outlier in the control arm who had 107 falls over 11 months of follow-up. Sensitivity analyses indicated that results were not robust to excluding this participant as the control arm falls rate reduced to 2.0 per person-year and the difference in falls rates between the treatment arms no longer remained significant, with a stratum-adjusted IRR of 0.86 (95% CI 0.73--1.01, *P* = 0.08) and a baseline characteristics-adjusted IRR of 0.73 (95% CI 0.51--1.03, *P* = 0.07).

Pre-planned subgroup analyses did not show any significant differential effects by age or history of the previous fall. There were no significant differences between the treatment arms in any of the secondary outcomes (Table [2](#AFQ096TB2){ref-type="table"} and [Supplementary data available in *Age and Ageing* online](http://ageing.oxfordjournals.org/cgi/content/full/afq096/DC1)). Table 2.Secondary outcomes for falls, institutionalisation and mortality, by treatment armSecondary outcome measureControl armIntervention armEffect size, adjusted for stratum (95% CI)Effect size, adjusted for stratum and baseline characteristics (95% CI)Proportion falling over 12 months (OR)73/138 (53%)69/136 (51%)0.9 (0.6--1.5), *P* = 0.670.9 (0.5--1.5), *P* = 0.73Proportion with two or more falls (OR)38/138 (28%)38/136 (28%)1.0 (0.6--1.7), *P* = 0.971.0 (0.5--1.8), *P* = 0.93Proportion with self-reported injurious falls (OR)55/138 (40%)56/136 (41%)1.1 (0.6--1.7), *P* = 0.861.1 (0.6--1.8), *P* = 0.78Time to first fall (HR)271 days (median)292 days (median)0.9 (0.7--1.3), *P* = 0.630.9 (0.7--1.3), *P* = 0.62Proportion institutionalised at 12 months (OR)1/170 (\<1%)3/166 (2%)3.1 (0.3--30.2), *P* = 0.334.8 (0.3--73.1), *P* = 0.26Mortality at 12 months (OR)9/181 (5%)9/182 (5%)1.0 (0.4--2.6), *P* = 0.990.8 (0.3--2.4), *P* = 0.71[^1]

Discussion {#s4}
==========

In this study, we screened older people for the risk of falling and invited those at higher risk to enter a trial of a day hospital-based falls prevention programme. Only 25% of those invited agreed to take part. We observed a 27% reduction in the rate of falling in the intervention arm compared with the control arm, a difference which was no larger than could have occurred by chance. There were no significant differences in the proportion of fallers, recurrent fallers, injurious falls, time to first fall, institutionalisation, mortality, basic or extended activities of daily living or fear of falling.

Despite the lack of statistical significance, the reduction in the rate of falls was consistent with that seen in previous falls prevention trials \[[@AFQ096C2], [@AFQ096C3], [@AFQ096C17]--[@AFQ096C19]\], and compatible with the results of a meta-analysis which estimated that falls prevention services reduce falls by 9% (OR 0.9; 95% confidence interval 0.8 to 1.0) \[[@AFQ096C20]\]*.*

The UK National Institute for Health and Clinical Excellence (NICE) guidance on falls prevention advises that clinicians should routinely ask about falls in the last year, but does not recommend actively screening patients for falls risk. In isolation, our results do not conclusively demonstrate the benefit of day hospital-based falls prevention programmes for a screened population of older people identified as being at high risk of a future fall. On the other hand, they do not exclude the possibility of a clinically important reduction in falls in this group and should not be interpreted as showing that day hospital falls prevention programmes, or that screening as a means of identifying patients for intervention programmes, are not effective in reducing falls.

The falls rate in the control arm of this trial shows that participants were at higher risk of falls than the general population (53% fell over a year, with a mean of 2.7 falls per person-year), and hence the screening process achieved its intended function. Even among this high-risk group, the participation rate was low. However, recruitment to a trial where consent, randomisation and outcome assessment are required may not reflect the uptake of a service in usual clinical practice, and it is possible that uptake of day hospital falls prevention programmes would be higher following professional advice in a service setting.

Some participants did not complete all falls diaries, so this trial was underpowered to detect a 25% reduction in falls rate in terms of the number of person-years of follow-up. We had insufficient power in our study to detect smaller rate reductions, such as a reduction of 10%. We chose a 25% reduction in the rate of falling as being clinically important for determining sample size, and a Cochrane meta-analysis for multifactorial interventions in older people living in the community found this reduction in rate of falls (rate ratio 0.75, 95% CI 0.65--0.86) based on 8141 participants from 15 trials \[[@AFQ096C8]\] but they did not find a significant reduction in risk of falling (relative risk 0.95, 95% CI 0.88--1.02). Similarly, another meta-analysis of multifactorial assessment and intervention programmes to prevent falls and injuries among older adults reported a relative risk of 0.91 (95% confidence interval 0.82--1.02) \[[@AFQ096C20]\].

The intensity of the intervention may have affected the ability of our trial to demonstrate a reduction in the rate of falls. The falls prevention programme was intended to comprise six or more sessions, reflecting routine practice in these day hospitals and similar to that reported elsewhere in England and Wales \[[@AFQ096C4]\]. Only 37% of participants attended this many sessions. Median time spent on strength and balance training was 210 min per participant (excluding self-directed exercises done between sessions or after the programme finished). Other research suggests that the optimum amount of exercise is much greater than this, in the region of 50 h of strength and balance training. It is possible that community-based falls prevention programmes may have better compliance than the day hospital-based intervention used in this trial, and hence greater effectiveness \[[@AFQ096C21]\]. Other approaches may improve uptake by emphasising the positive aspects of falls prevention services such as healthy ageing and improving the quality of life \[[@AFQ096C22], [@AFQ096C23]\].

Bias could have been introduced by the use of self-reported falls as the primary outcome, although this is the standard practice in falls research. Another potential problem could have arisen from missing data on secondary outcomes, but we included a sensitivity analysis using imputation to investigate this. It is also possible that a participation bias occurred whereby those who were less fit, and who may conceivably have benefited most, did not participate because of the need for travel to the day hospital.

The main strengths of this study are that as a randomised controlled trial, it would have been relatively little prone to bias. The broad inclusion criteria, use of a simple screening tool and use of existing NHS services as the intervention make our findings highly generalisable and applicable to clinical service provision.

The addition of our findings to recent meta-analysis of falls prevention programmes \[[@AFQ096C1]\] will further strengthen the evidence in their favour. The question of the setting of the intervention requires further research. Similarly, the value for money of screening and the provision of the day hospital intervention needs estimating. Future falls prevention studies should take particular care to optimise intervention intensity and compliance.

###### Key points

-   Screening and intervening for falls using a day hospital-based falls prevention programme is feasible, though participation and compliance are poor.

-   The benefit is similar to other falls prevention programmes, but this study did not conclusively show that screening and intervening using a day hospital-based falls prevention programme is effective.

-   Further work on optimising compliance or assessing alternative forms of falls prevention programmes is required, along with an assessment of the economic impact of such an approach.

Supplementary data {#s5}
==================

[Supplementary data mentioned in the text is available to subscribers in *Age and Ageing* online](http://ageing.oxfordjournals.org/cgi/content/full/afq096/DC1).

Supplementary Material
======================

###### Supplementary Data

[^1]: OR, odds ratio from logistic regression; HR, hazards ratio from Cox proportional hazards regression.
